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1
ANTENNA MODULE

This application is based on Japanese Patent Application
No. 2012-263051 filed on Nov. 30, 2012 and International
Application No. PCT/IP2013/075005 filed on Sep. 17, 2013,
the entire contents of each of which is incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to antenna modules including
an antenna coil and a plurality of electronic components
provided on a base.

2. Description of the Related Art

Conventionally, an antenna module of this type is used as,
for example, a passive-type RFID (Radio Frequency Identi-
fication) tag. For example, as disclosed in Japanese Patent
Laid-Open Publication No. 10-240889, it includes a card
antenna (also known as “antenna coil”), a rectifier circuit, a
regulator, an IC, and a base sheet on which these components
are mounted.

The card antenna is a spiral-shaped antenna coil formed on
the principal surface of the base sheet. This card antenna is
electromagnetically coupled to an antenna of a reader/writer
unit (hereinafter, “RWU”") which is provided outside the
antenna module to produce an induced electromotive force.
The rectifier circuit rectifies an AC voltage supplied from the
card antenna and outputs a DC voltage to the regulator. The
regulator converts the input DC voltage to a DC voltage which
has a value suitable to driving of the IC, and supplies the
resultant DC voltage to the IC. The IC is driven with the DC
voltage supplied form the regulator.

In many of the antenna modules, the antenna coil used has
a relatively large opening, and other electronic components
are arranged in this opening portion. In this case, there is a
probability that magnetic force lines generated from the
antenna coil are blocked by the electronic components due to
the arrangement of the electronic components. As a result,
there is a problem that the characteristics of the antenna
module (for example, directivity and communication dis-
tance) deteriorate.

SUMMARY OF THE INVENTION

Accordingly, preferred embodiments of the present inven-
tion provide an antenna module that prevents deterioration of
the characteristics.

An antenna module according to a preferred embodiment
of'the present invention includes a base including two oppos-
ing mounting surfaces; an antenna coil provided on or in the
base so as to define an opening, the antenna coil having a
shape that is symmetrical or substantially symmetrical with
respect to a reference plane; and an IC chip and a plurality of
electronic components mounted on one of the mounting sur-
faces and electrically coupled to the antenna coil, the IC chip
and the electronic components being arranged inside the
opening when viewed in plan from a normal direction of the
mounting surface. At least two of the plurality of electronic
components are arranged so as to be symmetrical or substan-
tially symmetrical to each other with respect to the reference
plane when viewed in plan from the normal direction.

An antenna module according to another preferred
embodiment of the present invention includes a base; an
antenna coil provided on or in the base; an IC chip electrically
coupled to the antenna coil and provided on the base; and a
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2

terminal electrode coupled to the IC chip and provided on the
base so as to be capacitively coupled to the antenna coil.
The above and other elements, features, steps, characteris-
tics and advantages of the present invention will become more
apparent from the following detailed description of the pre-
ferred embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a schematic diagram showing a configuration of a
RFID system including an antenna module according to a
preferred embodiment of the present invention.

FIG. 2 is a block diagram showing a general configuration
of'a RFID tag (antenna module) according to a first preferred
embodiment of the present invention.

FIG. 3A is atop view showing a configuration of the RFID
tag of FIG. 2.

FIG. 3B is a bottom view showing a configuration of the
RFID tag of FIG. 3A.

FIG. 4 is a schematic diagram showing the functions and
effects of the RFID tag of FIG. 3A.

FIG. 5A is a top view showing a configuration of a RFID
tag according to a second preferred embodiment of the
present invention.

FIG. 5B is an equivalent circuit diagram of the RFID tag of
FIG. 5A.

FIG. 6A is atop view showing a configuration of a variation
of the RFID tag of the second preferred embodiment of the
present invention.

FIG. 6B is an equivalent circuit diagram of the RFID tag of
FIG. 6A.

FIG. 7A is a top view showing a configuration of a RFID
tag according to a third preferred embodiment of the present
invention.

FIG. 7B is a bottom view showing a configuration of the
RFID tag of FIG. 7A.

FIG. 8A is a schematic diagram showing the first example
of'a mobile terminal device including the RFID tag according
to the third preferred embodiment of the present invention.

FIG. 8B is a schematic diagram showing the second
example of a mobile terminal device including the RFID tag
according to the third preferred embodiment of the present
invention.

FIG. 9A is a schematic diagram showing another configu-
ration example of the mobile terminal device of FIG. 8A.

FIG. 9B is a schematic diagram showing another configu-
ration example of the mobile terminal device of FIG. 8B.

FIG. 10 is a diagram showing a variation of the RFID tag
according to the third preferred embodiment of the present
invention.

FIG. 11 is atop view showing a configuration of a RFID tag
according to a fourth preferred embodiment of the present
invention.

FIG. 12A is a top view showing a configuration of a RFID
tag according to a fifth preferred embodiment of the present
invention.

FIG. 12B is a bottom view showing a configuration of the
RFID tag of FIG. 12A.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, antenna modules according to preferred
embodiments of the present invention will be described in
detail with reference to the drawings.

As a preliminary matter, the x-axis, y-axis, and z-axis
which are shown in some drawings are described. The x-axis,
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y-axis, and z-axis are perpendicular to one another and rep-
resent the left-and-right direction, the front-and-rear direc-
tion, and the thickness direction of the antenna module.

In FIG. 1, an RFID system preferably uses the 13.56 MHz
band, for example. The RFID system includes RFID tags 1, 5,
6,7 and 8 according to the first to fifth preferred embodiments
of'the present invention, and a reader/writer unit (hereinafter,
“RWU”) 3 configured to write and read data in/from these
RFID tags.

An RFID tag 1 is one example of the antenna module
according to a first preferred embodiment of the present
invention. As shown in FIG. 2, the RFID tag 1 preferably
includes a base 11, an antenna coil 13, a capacitor 15, a
rectifier circuit 17, and an IC chip 21. The antenna coil 13, the
capacitor 15, the rectifier circuit 17, and the IC chip 21 are
electrically coupled together by a wiring pattern.

The base 11 is made of a resin material which is electrically
insulative and flexible. A typical example of the resin material
is a resin film of polyethylene telephthalate (PET), polyvinyl
chloride (PVC), polyimide, polycarbonate, liquid crystal
polymer (LLCP), or an epoxy resin. In the present preferred
embodiment, the base 11 is a sheet which has a rectangular or
substantially rectangular shape when viewed in plan from the
z-axis direction. Therefore, as shown in FIG. 3A and F1G. 3B,
the base 11 includes mounting surfaces 11a, 115 which are
parallel or substantially parallel to the xy plane (i.e., the
mounting surfaces 11a, 115 oppose each other in the z-axis
direction). The first and second mounting surfaces preferably
have, for example, a length la of about 9.1 mm in the x-axis
direction and a length b of about 26 mm in the y-axis direc-
tion. As described herein, in the present preferred embodi-
ment, the base 11 has flexibility. Due to this flexibility, the
RFID tag 1 is easily and securely adhered along a curved
surface. Note that the base 11 may be made of a rigid (i.e.,
non-flexible) resin material. Using a rigid material enables
protection of joining portions between the base 11 and elec-
tronic components mounted thereon.

The antenna coil 13 includes conductor patterns 13a, 135
which are preferably formed by printing or the like on the
mounting surfaces 11a, 115 and via conductors 13¢, 13d. The
conductor patterns 13a, 135 and the via conductors 13¢, 134
are made of a metal such as copper, for example.

Hereinafter, opening regions a1, a2 (shown by broken
lines) ofthe mounting surfaces 11a, 115 are described priorto
detailed description of the conductor patterns 13a, 135. In the
present preferred embodiment, the opening region ¢l has a
rectangular or substantially rectangular shape when viewed
from the z-axis direction (i.e., the normal direction of the
mounting surface 11a) and has a length Ic (Ic<la) in the x-axis
direction and a length 1d (1d<lb) in the y-axis direction. Note
that if the antenna coil 13 is provided across the mounting
surfaces 11a, 115 and the external shapes of the openings of
the mounting surfaces 11a, 115 are not identical when viewed
in plan from the z-axis direction, the overlapping region of
these opening regions is considered as the opening region al,
al.

A plane which generally passes through the y-axis center
of'the opening region a1 and which is parallel to the zx plane
is referred to as imaginary reference plane Lr. Here, the ref-
erence plane Lr may pass within a range of about £10% of the
distance from the y-axis center of the opening region c.1 to the
outer edges of the opening region 1. The opening region a1
has a symmetrical or substantially symmetrical shape, within
manufacturing tolerances, with respect to the reference plane
Lr. The shortest distances from respective sides of the open-
ing region a1 to the perimeter edges of the mounting surface
11a are equal to one another.
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4

The opening region a2 substantially overlaps the opening
region a1l when viewed in plan from the z-axis direction.

The conductor pattern 13a is a linear conductor pattern
formed at the perimeter edges of the mounting surface 11a
and has a generally symmetrical or substantially symmetrical
shape with respect to the reference plane Lr. Firstly, node N1
is defined. The node N1 is a connecting portion in the wiring
pattern at which a terminal electrode 21a of the IC chip 21 and
one terminal of the capacitor 15 are coupled together. The
conductor pattern 13a has one end at the position of the node
N1 and extends from this position in the negative direction of
the y-axis to the perimeter edge of the opening region al.
From this position, the conductor pattern 13a circles anti-
clockwise, for example, over the drawing sheet of FIG. 3A,
around the center point of the mounting surface 11a so as to
extend parallel or substantially parallel to the perimeter edges
of the mounting surface 11a. In addition to the above, the
conductor pattern 13a circles from the perimeter edge of the
opening region o1 toward the perimeter edge of the base 11
while the distance from the center point of the mounting
surface 11a increases. And, the conductor pattern 134 termi-
nates at a corner of the base 11. Hereinafter, this terminal
portion is referred to as the other end of the conductor pattern
13a.

The conductor pattern 135 is a linear conductor pattern
arranged along the perimeter of the mounting surface 116 and
has a symmetrical or substantially symmetrical shape with
respect to the reference plane Lr. More specifically, the con-
ductor pattern 135 circles clockwise, for example, over the
drawing sheet of FIG. 3B, around the center point of the
mounting surface 115, from a position on the xy plane which
is substantially coincident with the other end of the conductor
pattern 134, so as to extend parallel or substantially parallel to
the perimeter edges of the mounting surface 115. In addition
to the above, the conductor pattern 135 circles from the
perimeter edge toward the center point of the mounting sur-
face 115 while the distance from the center point of the
mounting surface 115 decreases. And, the conductor pattern
135 bends on the perimeter edge of the opening region .2 and
extends toward the reference plane Lr to terminate. Herein-
after, this terminal portion is referred to as the other end of the
conductor pattern 134.

The via conductor 13¢ penetrates through the base 11 and
electrically couples the other end of the conductor pattern 13a
and one end of the conductor pattern 135.

Here, as shown in FIG. 3A, the connecting portion of a
terminal electrode 215 of'the IC chip 21 and the other terminal
of the capacitor 15 is referred to as node N2. From the node
N2, the wiring pattern extends in the positive direction of the
y-axis over the mounting surface 11a. This wiring pattern
terminates at a position on the xy plane which is coincident
with the terminal position of the conductor pattern 135. The
via conductor 134 penetrates through the base 11 and electri-
cally couples the other end of the conductor pattern 135 and
the terminal end of the wiring pattern.

The capacitor 15 is an example of the electronic compo-
nent. As clearly seen from the above, the antenna coil 13 and
the capacitor 15 are coupled in parallel to the terminal elec-
trodes 21a, 215 of the IC chip 21 (see FIG. 2) so as to define
a parallel resonance circuit. The resonant frequency of this
circuit preferably is within the frequency band of the RFID
system (for example, 13.56 MHz band).

Inthe present preferred embodiment, the capacitor 15 pref-
erably is a surface-mounted capacitor and is mounted on the
mounting surface 11a. More specifically, the capacitor 15 is
arranged inside the opening region a1 such that the external
shape of the capacitor 15 is symmetrical or substantially
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symmetrical with respect to the reference plane Lr when
viewed in plan from the z-axis direction.

The rectifier circuit 17 includes, for example, a diode
bridge including a plurality of diodes, and capacitors, resis-
tors, etc. The rectifier circuit 17 is configured to rectify an
alternating induced electromotive force produced at the oppo-
site ends of a resonance circuit which includes the antenna
coil 13, the IC chip 21, and the capacitor 15. The rectifier
circuit 17 that has such a configuration may be realized by a
well-known circuit configuration which includes a plurality
of surface-mounted electronic components. However, the
rectifier circuit 17 includes a plurality of electronic compo-
nents containing metal materials and magnetic materials. The
plurality of electronic components include at least two elec-
tronic components of the same type. In the example of FIG.
3 A, the electronic components 17a, 175 preferably are of the
same type, and the electronic components 17¢, 17d preferably
are ofthe same type. The electronic components 17a, 175 are,
for example, capacitor elements which preferably have the
same size. The electronic components 17¢, 17d are, for
example, resistor elements which preferably have the same
size.

The other elements shown in FIG. 3A include electronic
components 17¢ to 175. The electronic components 17¢ to
17h are of different types.

The electronic components 17a to 17/ are mounted on the
mounting surface 11a. More specifically, the electronic com-
ponents 17a, 175 are arranged inside the opening region c.1 so
as to be symmetrical or substantially symmetrical to each
other with respect to the reference plane Lr when viewed in
plan from the z-axis direction. The electronic components
17¢, 17d are also arranged in the same positional relationship
as the electronic components 174, 175.

The electronic components 17a to 17d are arranged closer
to the reference plane Lr than to the conductor pattern 13a.
The electronic components 17¢ to 17/ are arranged inside the
opening region al such that the external shape of each of the
electronic components is symmetrical or substantially sym-
metrical with respect to the reference plane Lr when viewed
in plan from the z-axis direction, as is the above-described
capacitor 15.

Terminal electrodes 19a, 195 are provided on the mounting
surface 11aq, at the tip ends of one and the other of two wiring
patterns drawn out from the rectifier circuit 17. The terminal
electrodes 19a, 195 are configured to, for example, couple a
voltage measuring circuit in parallel to the rectifier circuit 17
as shown in FIG. 2.

The IC chip 21 is mounted to the mounting surface 11a by
flip-chip bonding, for example. The terminal electrodes 21a,
215 of'the IC chip 21 are coupled to a resonance circuit which
includes the antenna coil 13 and the capacitor 15, by the
wiring patterns.

The IC chip 21 also includes metal materials, and the like,
as do the electronic components 17a to 174. The IC chip 21 is
arranged inside the opening region a1 such that the external
shape of the IC chip 21 is symmetrical or substantially sym-
metrical with respect to the reference plane Lr when viewed
in plan from the z-axis direction.

The IC chip 21 operates with an AC voltage supplied from
the resonance circuit which includes the IC chip 21, the
capacitor 15, and the antenna coil 13.

Next, an operation of the RFID tag 1 that has the above-
described configuration at the time of signal reception is
described. In the RFID tag 1, when an alternating magnetic
field from the RWU 3 penetrates the antenna coil 13, an
induced electromotive force is produced at the opposite ends
of the antenna coil 13 (i.e., the node N1 and N2). Data from
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the RWU 3 is input to the IC chip of the RFID tag 1, and the
data received from the RWU 3 is demodulated and written in
an internal memory of the IC chip 21. On the other hand, the
induced electromotive force produced at the opposite ends of
the antenna coil is converted to a digital signal by the rectifier
circuit 17. In this way, it is possible to detect input of data to
the IC from an external circuit other than the RWU 3 via the
terminal electrodes 19a, 1954.

Next, an operation of the RFID tag 1 at the time of data
transmission from the RFID tag 1 to the RWU 3 is described.
Also in this case, in the RFID tag 1, the IC chip 21 is driven by
the above-described driving voltage. A carrier wave is digi-
tally modulated with data to be transmitted such that a high
frequency signal of 13.56 MHz band, for example, is pro-
duced. The IC chip 21 outputs the produced high frequency
signal to the resonance circuit. When the high frequency
signal is input, the resonance circuit resonates to produce an
alternating magnetic field. Via this alternating magnetic field,
the data is transmitted to the RWU 3. Basic operation of the
RWU 3 at the time of data reception is the same as the
operation of the RFID 1 at the time of data reception, and
therefore, the description thereof is herein omitted.

Next, the functions and effects of the RFID tag 1 are
described. For example, at the time of data transmission, an
alternating magnetic field produced by the antenna coil 13 is
strong near the conductor patterns 13a, 135 and becomes
weaker at a position closer to the reference plane Lr as shown
in FIG. 4. Here, in FIG. 4, examples of alternating magnetic
field components are shown by broken lines, and the mag-
netic field strength is indicated by the width of the lines.

As previously described, when the electronic components
17 and the IC chip 21 are placed in an alternating magnetic
field, they cause effects on the strength and direction of the
alternating magnetic field. The electronic components 17a to
17k and the IC chip 21 are arranged on the base 11 such that
these effects are reduced as small as possible. Specifically, the
electronic components 17a, 175 of the same type are arranged
inside the opening region al so as to be symmetrical or
substantially symmetrical to each other with respect to the
reference plane Lr when viewed in plan from the z-axis direc-
tion. The same applies to the electronic components 17¢, 174.
Due to this arrangement, the symmetry of the distribution of
the magnetic field strength is maintained, and the non-direc-
tivity of the antenna coil 13 is maintained.

Comparing the direct distance d1 between the electronic
component 17a and the conductor pattern 13a and the direct
distance d2 between the electronic component 17a and the
reference plane Lr, d2<dl holds. The same positional rela-
tionship also applies to the other electronic components 175
to 17d. With this arrangement, deterioration in strength of the
magnetic field produced by the antenna coil 13 is reduced to
be as small as possible.

The electronic components 17e to 17/ and the IC chip 21
are arranged inside the opening region al such that the exter-
nal shape of each of the electronic components 17¢ to 17/ and
the IC chip 21 is symmetrical or substantially symmetrical
with respect to the reference plane Lr when viewed in plan
from the z-axis direction. In this way, the electronic compo-
nents 17e¢ to 17/ and the IC chip 21 are arranged on the
reference plane Lr at which the strength of the alternating
magnetic field is smallest. With this arrangement, deteriora-
tion in strength of the magnetic field produced by the antenna
coil 13 is satisfactorily prevented.

Next, an antenna module (RFID tag) according to a second
preferred embodiment of the present invention is described in
detail with reference to FIG. 5A and FIG. 5B. The RFID tag
5 of FIG. 5A is different from the RFID tag 1 of FIG. 3A in



US 9,330,353 B2

7

that the RFID tag 5 preferably includes four pad electrodes
51ato 51d in place of the terminal electrodes 194, 1956. There
is no other difference. Thus, in FIG. 5A, elements corre-
sponding to the elements of FIG. 3A are referred to using the
same reference marks, and the description thereof is herein
omitted. Note that, in FIG. 5A, the rectifier circuit 17 is an
inductive circuit.

The pad electrodes 51a to 51d are preferably formed inside
the opening region al by printing, for example, using an
electrically-conductive material so as to have a rectangular or
substantially rectangular shape. Particularly, the pad elec-
trode 51a is configured so as to be electrically coupled
between the node N1 and the electronic component 175 and is
capacitively coupled to a portion of the conductor pattern 13a
which is closely adjacent to the pad electrode 51a. The pad
electrodes 515, 51c¢ are arranged at the tip ends of wiring
patterns drawn out from one and the other terminals of the
electronic component 17/ and are capacitively coupled to a
portion of the conductor pattern 13a which is closely adjacent
to the pad electrodes 515, 51¢. The pad electrode 51d is
arranged at the tip end of a wiring pattern drawn out from one
terminal of the electronic component 17a and is capacitively
coupled to a portion of the conductor pattern 13a which is
closely adjacent to the pad electrode 51d.

Here, FIG. 5B is an equivalent circuit of the RFID tag 5 of
FIG. 5A. In FIG. 5B, the conductor pattern 13« is a portion
enclosed by a broken line box. In the equivalent circuit, it
generates inductances [.1 to [4. Note that the conductor
pattern 135 is shown as an inductance L5. Capacitances C1 to
C4 are produced by coupling of the pad electrodes 51a to 514
and the conductor pattern 13a. In the equivalent circuit, the
capacitances C1 to C4 are coupled in parallel to the induc-
tances L1 to L4.

As described above, the pad electrodes 51a to 51d are
arranged so as to be capacitively coupled to the antenna coil
13, so that the self-resonant frequency of the antenna coil 13
decreases. As a result, it is possible to decrease the length of
the antenna coil 13. Due to this feature, the loss caused by the
conductor pattern 13a decreases, and therefore, the antenna
coil 13 which has excellent characteristics is obtained.

Since the pad electrodes 51a to 514 are capacitively
coupled to the antenna coil 13, even if ESD (Electro-Static
Discharge) is added to any of the pad electrodes 51a to 514,
the ESD is released to the antenna coil 13 via the capacitive
coupling. Due to this feature, direct application of the ESD to
a chip component which has low ESD tolerance, such as the
IC chip 21, is prevented. Further, the pad electrodes 51a, 514
are provided between the opposite ends of the antenna coil 13
and the rectifier circuit 17. Analog signals are detected by the
pad electrodes 51a, 514, while digital signals are detected by
the pad electrodes 515, S1c.

Next, a variation of the antenna module (RFID tag) accord-
ing to the second preferred embodiment of the present inven-
tion is described in detail with reference to FIG. 6 A and FIG.
6B. A RFID tag 5' of FIG. 6A is different from the RFID tag
5 of FIG. 5A in that the RFID tag 5' includes a pad electrode
514 in place of the pad electrode 51d. There is no other
difference. Thus, in FIG. 6A, elements corresponding to the
elements of FIG. 5A are referred to using the same reference
marks, and the description thereof is herein omitted. Note
that, in FIG. 6 A, the rectifier circuit 17 is a capacitive circuit.

The pad electrode 514" is preferably formed inside the
opening region a1 by printing, for example, using an electri-
cally-conductive material so as to have a rectangular or sub-
stantially rectangular shape. Particularly, the pad electrode
514 is configured so as to be electrically coupled between the
node N2 and the electronic component 17a and is capacitively
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coupled to a portion of the conductor pattern 13a which is
closely adjacent to the pad electrode 514"

Here, FIG. 6B is an equivalent circuit of the RFID tag 5' of
FIG. 6A. In FIG. 6B, the conductor pattern 13« is a portion
enclosed by a broken line box. In the equivalent circuit, induc-
tances [.1 to 4 are generated. Note that the conductor pattern
135 is shown as an inductance L5. Capacitances C1 to C4 are
produced by coupling of the pad electrodes 51a, 515, 51¢, and
514" and the conductor pattern 13a. The capacitance C1 is
coupled in parallel to the inductance L1 in the equivalent
circuit. The capacitance C2 is coupled in parallel to a circuit
consisting of L1, L2, and C1 in the equivalent circuit. The
capacitance C3 is coupled in parallel to a circuit including [.3,
L4, and C4 in the equivalent circuit. The capacitance C4 is
coupled in parallel to the inductance [.4 in the equivalent
circuit.

With the above-described configuration, the RFID tag §'
according to the variation provides the same functions and
effects as those of the RFID tag 5 according to the second
preferred embodiment.

Next, an antenna module (RFID tag) according to a third
preferred embodiment of the present invention is described in
detail with reference to FIG. 7A and FIG. 7B. The RFID tag
6 of FIG. 7A and FIG. 7B is different from the RFID tag 1 of
FIG. 3A and FIG. 3B in that the RFID tag 6 further includes
terminal electrodes 61a, 615 and via conductors 61c, 61d.
There is no other difference. Thus, in FIG. 7A and FIG. 7B,
elements corresponding to the elements of FIG. 3A and FIG.
3B are referred to using the same reference marks, and the
description thereof is herein omitted.

The terminal electrodes 61a, 615 are made of an electri-
cally-conductive material, such as copper. The terminal elec-
trodes 61a, 615 are arranged on the mounting surface 115 so
as to substantially overlap the terminal electrodes 194, 195
when viewed in plan from the z-axis direction.

The via conductor 61c¢ penetrates through the base 11 so as
to electrically couple the terminal electrode 196 and the ter-
minal electrode 6la. The via conductor 61d penetrates
through the base 11 so as to electrically couple the terminal
electrode 194 and the terminal electrode 615.

The RFID tag 6 that has the above-described configuration
is preferably contained inside a mobile terminal device 62,
such as a smartphone, for example, and is coupled to a voltage
measuring circuit (not shown) provided in an electronic cir-
cuit board 63 inside the mobile terminal device 62 via, for
example, two lead wires 65a, 655, as shown in FIG. 8A and
FIG. 8B. Inthe example of FIG. 8 A, the mounting surface 11a
of'the RFID tag 6 opposes the electronic circuit board 63 with
a battery pack 64 interposed therebetween. In this case, the
lead wires 65a, 655 are coupled to the terminal electrodes
194, 195 using solder or the like. On the other hand, in the
example of FIG. 8B, the mounting surface 116 of the RFID
tag 6 opposes the electronic circuit board 63 with the battery
pack 64 interposed therebetween. In this case, the lead wires
65a, 65b are coupled to the terminal electrodes 61a, 615 using
solder or the like.

As described above, the mounting surface 115 is provided
with the terminal electrodes 61a, 615 that are electrically
coupled to the terminal electrodes 19a, 195 via the via con-
ductors 61c, 61d. With this feature, as shown in FIG. 8A and
FIG. 8B, the RFID tag 6 preferably is connected to the elec-
tronic circuit board 63 using the elements provided on the
mounting surface 11a side or, alternatively, using the ele-
ments provided on the mounting surface 115 side. Thus,
according to the present preferred embodiment, the flexibility
improves in terms of the connection of the RFID tag 6 to an
external circuit.
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In the example of FIG. 8B, the lead wires are soldered on
the mounting surface 115 side. Therefore, heat produced in
soldering is unlikely to be transmitted to the IC chip 21 that is
mounted on the mounting surface 11a side as compared with
the example of FIG. 8A. This arrangement enables protection
of'the IC chip 21 from high temperature heat. Note that, from
the viewpoint of protection from high temperature heat, it is
preferred that the distance in the x-axis direction between the
IC chip 21 and the terminal electrodes 61a, 615 is as large as
possible.

When the casing of the mobile terminal device 62 is
capable of being disassembled into two parts by a cover, the
RFID tag 6 can be connected to the electronic circuit board 63
after having been adhered to the cover. As described herein,
according to the RFID tag 6, various procedures and methods
can be used for connection to the electronic circuit board 63.

In the above-described preferred embodiment, the RFID
tag 6 is connected to the electronic circuit board 63 via the
lead wires 65a and 65b. However, the present invention is not
limited to this example. The RFID tag 6 and the electronic
circuit board 63 may be electrically connected to each other
via spring pins 66a and 665 as shown in FIG. 9A or may be
directly joined to each other as shown in FIG. 9B, for
example.

Next, an antenna module (RFID tag) according to a varia-
tion of the third preferred embodiment of the present inven-
tion is described in detail with reference to FIG. 10. The RFID
tag 6' of FIG. 10 is different from the RFID tag 1 of FIG. 7A
and FIG. 7B in that the via conductors 61c, 61d are not
included, the terminal electrodes 194, 615 generate a capaci-
tance, and the terminal electrodes 195, 61a generate a capaci-
tance. Thereis no other difference. Thus, in FIG. 10, elements
corresponding to the elements of FIG. 7A and FIG. 7B are
referred to using the same reference marks, and the descrip-
tion thereof is herein omitted.

With the above-described configuration, the RFID tag 6'
provides the same functions and effects as those of the RFID
tag 6 according to the third preferred embodiment.

Next, an antenna module (RFID tag) according to a fourth
preferred embodiment of the present invention is described in
detail with reference to FIG. 11. The RFID tag 7 of FIG. 11 is
different from the RFID tag 1 of FIG. 3 A in that the RFID tag
7 includes four terminal electrodes 71a to 714 in place of the
terminal electrodes 19a, 195. There is no other difference.
Thus, in FIG. 11, elements corresponding to the elements of
FIG. 3A are referred to using the same reference marks, and
the description thereof is herein omitted. Note that the con-
figuration of the RFID tag 7 on the second mounting surface
side is the same as that shown in FIG. 3B, and therefore,
illustration thereof is omitted.

The terminal electrodes 71a to 714 are preferably formed
inside the opening region a1, at the corners 1 to p4 of the
opening region al, by printing, for example, using a metal
material so as to have a rectangular or substantially rectangu-
lar shape. Here, these terminal electrodes 71a to 71d are
provided with a gap so as not to be in contact with the con-
ductor pattern 13a. The terminal electrodes 71a, 715 are
arranged at the tip ends of wiring patterns drawn out from one
and the other terminals of the capacitor 15. The terminal
electrodes 71c, 71d are arranged at the tip ends of wiring
patterns drawn out from one and the other terminals of the
electronic component 174.

If a common RFID tag which does not include the terminal
electrodes 71ato 71d is approached by another metal element
or another antenna, the strength distribution of a magnetic
field produced from an antenna coil included in this RFID tag
is disturbed by the approaching metal element or antenna. As
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another antenna approaches, the inductance value of the
antenna coil varies due to unwanted magnetic field coupling
and, as a result, the resonant frequency of the resonance
circuit deviates. If another metal element approaches to block
the magnetic field from the antenna coil, the magnetic field of
the antenna coil can be canceled, in some cases, by a magnetic
field in the opposite direction which is generated by the
effects of eddy currents. When the magnetic field from the
antenna coil is canceled, a so-called null point can occur in
some cases. Because of these circumstances, there is a prob-
lem that the communication distance of the RFID tag 7 dete-
riorates.

To solve such a problem, according to the fourth preferred
embodiment, metal terminal electrodes 71a to 71d are pro-
vided at the corners 1 to p4. In general, as the RFID tag
becomes closer to the antenna on the RWU side, the magnetic
field coupling becomes stronger. Accordingly, the L value
increases, and the resonant frequency becomes lower. On the
other hand, when the terminal electrodes of the RFID tag are
sufficiently large, eddy currents occur due to coupling with
the antenna on the RWU side. Accordingly, the L. value
decreases, and the resonant frequency becomes higher. By
utilizing this phenomenon, the terminal electrodes are
arranged in the vicinity of the inside perimeter edge of the
antenna coil of the RFID tag such that variation of the reso-
nant frequency is prevented. However, this arrangement has
the demerit of reducing the opening area of the antenna coil.
In view of such, the terminal electrodes are preferably
arranged at the four corners at which the magnetic field
strength is highest inside the antenna coil, such that the effect
of'preventing the variation of the resonant frequency which is
provided by the terminal electrodes is maximized while mini-
mizing the reduction of the opening area of the antenna coil.

Next, an antenna module (RFID tag) according to a fifth
preferred embodiment of the present invention is described in
detail with reference to FIG. 12A and FIG. 12B. The RFID tag
8 of FIG. 12A and FIG. 12B is different from the RFID tag 1
of FIG. 3A and FIG. 3B in the points which will be described
below. There is no other difference than the points described
below. Thus, in FIG. 12A and FIG. 12B, elements corre-
sponding to the elements of FIG. 3A and F1G. 3B are referred
to using the same reference marks, and the description thereof
is herein omitted.

In the fifth preferred embodiment, the elements are
designed such that the midpoint of the current path extending
from the terminal electrode 21a of the IC chip 21 and passing
through the conductor pattern 134, the via conductor 13¢, the
conductor pattern 135, and the via conductor 134 to reach the
terminal electrode 215 of the IC chip 21 lies on the outermost
turn Ta of the conductor pattern 134, the outermost turn Tb of
the conductor pattern 135, or the via conductor 13c¢.

According to the fifth preferred embodiment, in the
antenna coil 13, the outermost turns Ta and Tb are portions
which are likely to be touched by a human hand. Such por-
tions which are likely to be touched by a human hand are the
outermost turn Ta of the conductor pattern 134, the outermost
turn Tb of the conductor pattern 135, or the via conductor 13¢,
which are the most distant from the IC chip 21. Thus, even if
an energy which is capable of destroying the IC chip 21, such
as ESD, is applied to portions of the antenna coil 13 which are
likely to be touched by a human hand, the energy is attenuated
by the conductor pattern 13a or the conductor pattern 135
before reaching the IC chip 21. This arrangement enables
prevention of destruction of the IC chip 21 by the ESD.

In the above description of the preferred embodiments, the
electronic components 174 to 174 that are constituents of the
rectifier circuit 17 are mounted on the base 11. However,
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electronic components which are constituents of a matching
circuit configured to provide impedance matching between
the antenna coil 13 and the IC chip 21 may be mounted in
place of the rectifier circuit 17 or in addition to the rectifier
circuit 17.

While preferred embodiments of the present invention
have been described above, it is to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing from the scope and spirit of the present
invention. The scope of the present invention, therefore, is to
be determined solely by the following claims.

What is claimed is:

1. An antenna module comprising:

a base including two opposing mounting surfaces;

an antenna coil provided on or in the base so as to define an

opening, the antenna coil having a shape that is sym-
metrical or substantially symmetrical with respect to a
reference plane; and

an IC chip and a plurality of electronic components

mounted on one of the mounting surfaces and electri-
cally coupled to the antenna coil, the IC chip and the
electronic components being arranged inside the open-
ing when viewed in plan from a normal direction of the
mounting surfaces; wherein

at least two of the plurality of electronic components are

arranged so as to be symmetrical or substantially sym-
metrical to each other with respect to the reference plane
when viewed in plan from the normal direction; and
the at least two of the plurality of electronic components
that are arranged so as to be symmetrical or substantially
symmetrical to each other with respect to the reference
plane are surface-mounted electronic components and
the at least two of the plurality of electronic components
that are arranged so as to be symmetrical or substantially
symmetrical to each other with respect to the reference
plane are surface-mounted electronic components.

2. The antenna module according to claim 1, wherein each
of the electronic components that are arranged so as to be
symmetrical or substantially symmetrical to each other with
respect to the reference plane is closer to the reference plane
than to the antenna coil.

3. The antenna module according to claim 1, wherein the
IC chip and at least another one of the plurality of electronic
components are arranged on the reference plane when viewed
in plan from the normal direction.

4. The antenna module according to claim 1, wherein the
electronic components that are arranged so as to be symmetri-
cal or substantially symmetrical to each other with respect to
the reference plane are of the same type.

5. The antenna module according to claim 1, wherein

the plurality of electronic components define a rectifier

circuit configured to rectify an electromotive force
induced by the antenna coil; and

the antenna module further includes a terminal electrode

electrically coupled to the rectifier circuit, the terminal
electrode being provided on one of the mounting sur-
faces.

6. The antenna module according to claim 1, further com-
prising a pad electrode coupled to a circuit defined by the
plurality of electronic components, the pad electrode being
provided on one of the mounting surfaces and capacitively
coupled to the antenna coil.

7. The antenna module according to claim 1, further com-
prising:
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a first terminal electrode coupled to a circuit defined by the
plurality of electronic components, the first terminal
electrode being provided on one of the mounting sur-
faces; and

a second terminal electrode provided on the other mount-
ing surface of the base so as to oppose the first terminal
electrode with the base interposed therebetween.

8. The antenna module according to claim 7, further com-

prising a via conductor penetrating through the base from one

10 to the other of the mounting surfaces and electrically coupling
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the first terminal electrode and the second terminal electrode.

9. The antenna module according to claim 1, wherein

the opening has a rectangular or substantially rectangular
shape; and

the antenna module further includes a terminal electrode
coupled to the IC chip and to a circuit defined by the
plurality of electronic components, the terminal elec-
trode being provided on one of the mounting surfaces,
the terminal electrode being provided at at least one
corner of the opening.

10. The antenna module according to claim 1, wherein the

antenna coil includes:

a first conductor pattern provided near an outer edge of one
of the mounting surfaces, one end of the first conductor
pattern being coupled to one of terminal electrodes of
the IC chip;

a via conductor penetrating through the base from one to
the other of the mounting surfaces, one end of the via
conductor being joined to the other end of the first con-
ductor pattern; and

a second conductor pattern provided near an outer edge of
the other mounting surface, one end of the second con-
ductor pattern being coupled to the other end of the first
via conductor, and the other end of the second conductor
pattern being coupled to the other terminal electrode of
the IC chip; wherein

a midpoint of a current path extending from one of the
terminal electrodes of the IC chip and passing through
the first conductor pattern, the via conductor, and the
second conductor pattern to reach the other terminal
electrode of the IC chip lies on an outermost turn of the
first conductor pattern, an outermost turn of the second
conductor pattern, or the via conductor.

11. An antenna module comprising:

a base;

an antenna coil provided on or in the base;

an IC chip electrically coupled to the antenna coil and
provided on the base; and

a pad electrode coupled to the IC chip via a wiring pattern
at a position away from a terminal electrode of the IC
chip, the pad electrode being arranged on the base so as
to be close to the antenna coil and be capacitively
coupled thereto to reduce a self-resonance frequency of
the antenna coil.

12. The antenna module according to claim 11, wherein

the base includes two opposing mounting surfaces;

the antenna coil defines an opening and has a shape that is
symmetrical or substantially symmetrical with respect
to a reference plane;

the IC chip is mounted on one of the mounting surfaces so
as to be electrically coupled to the antenna coil and
arranged inside the opening when viewed in plan from a
normal direction of the mounting surface;

the antenna module further includes a plurality of elec-
tronic components mounted on one of the mounting
surfaces, the electronic components being electrically
coupled to the antenna coil, the electronic components
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being arranged inside the opening when viewed in plan
from the normal direction of the mounting surface; and

at least two of the plurality of electronic components are
arranged so as to be symmetrical or substantially sym-
metrical to each other with respect to the reference plane
when viewed in plan from the normal direction.

13. The antenna module according to claim 12, wherein
each of the electronic components that are arranged so as to be
symmetrical or substantially symmetrical to each other with
respect to the reference plane is closer to the reference plane
than to the antenna coil.

14. The antenna module according to claim 12, wherein the
IC chip and at least another one of the plurality of electronic
components are arranged on the reference plane when viewed
in plan from the normal direction.

15. The antenna module according to claim 12, wherein the
electronic components that are arranged so as to be symmetri-
cal or substantially symmetrical to each other with respect to
the reference plane are of the same type.

16. The antenna module according to claim 12, wherein

the plurality of electronic components define a rectifier
circuit configured to rectify an electromotive force
induced by the antenna coil; and

the antenna module further includes a terminal electrode
electrically coupled to the rectifier circuit, the terminal
electrode being provided on one of the mounting sur-
faces.

17. The antenna module according to claim 12, further

comprising:

a first terminal electrode coupled to a circuit defined by the
plurality of electronic components, the first terminal
electrode being provided on one of the mounting sur-
faces; and

a second terminal electrode provided on the other mount-
ing surface of the base so as to oppose the first terminal
electrode with the base interposed therebetween.
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18. The antenna module according to claim 17, further
comprising a via conductor penetrating through the base from
one to the other of the mounting surfaces and electrically
coupling the first terminal electrode and the second terminal
electrode.

19. The antenna module according to claim 12, wherein

the opening has a rectangular or substantially rectangular
shape; and

the antenna module further includes a terminal electrode
coupled to the IC chip and to a circuit defined by the
plurality of electronic components, the terminal elec-
trode being provided on one of the mounting surfaces
and at least one corner of the opening.

20. The antenna module according to claim 12, wherein the

antenna coil includes:

a first conductor pattern provided near an outer edge of one
of the mounting surfaces, one end of the first conductor
pattern being coupled to one of terminal electrodes of
the IC chip;

a via conductor penetrating through the base from one to
the other of the mounting surfaces, one end of the via
conductor being joined to the other end of the first con-
ductor pattern; and

a second conductor pattern provided near an outer edge of
the other mounting surface, one end of the second con-
ductor pattern being coupled to the other end of the first
via conductor, and the other end of the second conductor
pattern being coupled to the other terminal electrode of
the IC chip; wherein

a midpoint of a current path extending from one of the
terminal electrodes of the IC chip and passing through
the first conductor pattern, the via conductor, and the
second conductor pattern to reach the other terminal
electrode of the IC chip lies on an outermost turn of the
first conductor pattern, an outermost turn of the second
conductor pattern, or the via conductor.
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